A protocol was established for mass propagation of the valuable medicinal plant Ficus religiosa L. (Moraceae) through in vitro culture using apical and axillary buds of young sprouts from selected plants. Best shoot induction was observed on MS basal medium supplemented with 0.5 mg/l BAP + 0.1 mg/l IAA, in which 78 per cent of the explants produced 16 shoots per culture. Repeated subcultures in the same medium, resulted rapid shoot multiplication with 24 shoots per culture. In vitro raised shoots rooted on half strength MS supplemented with 2.0 mg/l IBA + 0.1 mg/l NAA. For acclimatization and transplantation, the plantlets in the rooting culture tubes were kept in normal room temperature for seven days before transplanting in pots where plantlets were reared for three weeks. The survival rate of regenerated plantlets was 85 per cent.
Introduction
Ficus religiosa L. commonly known as 'Ashathwa' belongs to Moraceae is a large, widely branched tree with leathery, heart-shaped, long-tipped leaves on long slender petioles and purple fruits growing in pairs, grows both wild and planted throughout the Bangladesh (Ghani 1998 ). The tree is found wild or cultivated nearly throughout India and is held sacred by Hindus and Buddhists. It is planted as an avenue or roadside tree. It grows fast and can be raised from seeds. It can also be propagated by cuttings, but these do not establish so well as those of Ficus bengalensis. The fruits and tender leaf buds are occasionally eaten in times of scarcity. The fruits are eagerly devoured by birds. Extract of bark is antibacterial, astringent, relaxant and spasmolytic on smooth muscles and is used in diarrhoea, dysentery, gonorrhea, scabies and ulcers (Ghani 1998 ). An aqueous extract of the bark shows anti-bacterial activity against Staphylococcus aureus and Escherichia coli.
Leaves and young shoots are purgative and used in skin diseases. Seeds are cooling, alterative and laxative; taken for three days during menses, sterilizes women for long time. Ethanolic extract of bark is antiprotozoal, anthelmintic and antiviral (The Wealth of India 1956).
In recent years, there has been an increased interest in in vitro culture techniques which offer a viable tool for mass multiplication and germplasm conservation of rare, endangered and threatened medicinal plants (Ajithkumar and Seeni 1998, Prakash et al. 1999) . It is important to develop an efficient micropropagation technique for Ficus religiosa to rapidly disseminate superior clones once they are identified. There have been a few reports to date on micropropagation of Ficus religiosa using shoot tips and nodal explants. However, in Bangladesh, there is no report on the establishment of a micropropagation protocol for Ficus religiosa. The present study was, therefore undertaken to develop a protocol for mass clonal propagation of this important medicinal plant through in vitro culture.
Materials and Methods
The experiment was conducted at Biological Research Division in BCSIR Laboratories, Dhaka. Healthy and profusely growing vine of Ficus religiosa L. was collected from BCSIR campus, Dhaka and used as the source of explants. Shoot tips and nodal explants with a single axillary bud were used for this purpose. The explants were washed thoroughly under running tap water, pre-soaked in liquid detergent for about 30 min, wiped with cotton and dipped in 70% (v/v) ethanol for 1 min. They were then surface sterilized with 0.1% (w/v) mercuric chloride for 5 min, followed by five rinses with sterile distilled water in front of a laminar air flow cabinet. The surface sterilized explants were cut into 1 -1.5 cm length containing a single node with an axillary bud or a shoot tip with an apical bud. The explants were placed vertically on the culture medium. The new shoots induced from the in vitro cultures were further used as an explants for adventitious shoot regeneration.
MS basal medium was used for shoot proliferation and adventitious shoot regeneration and half strength of MS was used for in vitro rooting. All media were supplemented with 30 g/l sucrose, 7 g/l agar (Difco) and dispensed into 15 × 150 mm culture tubes and 250 ml conical flasks. The pH of the media was adjusted to 5.8 before autoclaving at 121°C for 20 min. The cultures were incubated for a 16 hr photoperiod at 24 ± 2°C under a fluorescent light.
Shoot proliferation from shoot tips and nodal explants was obtained in two separate sets of experiments. In the first experiment 0 -2.5 mg/l BAP and 0 -2.5 mg/l Kn were supplied into MS to select the best cytokinin for the response of shoot induction. In the second set, combination of BAP -NAA (0 -2.5 mg/l) and BA -IAA (0 -2.5 mg/l) were assessed for shoot multiplication. Number of new shoot proliferation in each culture was recorded after every week of inoculation.
For in vitro rooting, individual shoots (3 -5 cm) were excised from the proliferated shoot cultures and implanted into half strength of MS with different concentrations and combinations of NAA, IBA and IAA.
The rooted plants were taken out from the culture tubes, washed to remove agar gel adhered to the roots and transplanted to plastic pots with soil and compost (1 : 1) for hardening. The plantlets were kept in a polychamber at 80 per cent relative humidity, 32 ± 2°C under a 12 hr photoperiod for acclimazation. Established plants were transplanted in earthen pots under natural conditions and the survival rate was recorded.
Results and Discussion
Shoot tips and nodal explants of Ficus religiosa L. were cultured on MS supplemented with various concentration of BAP alone and in combination with NAA or IAA for multiple shoot regeneration. Among the three different media and growth regulators tested, MS was found to support a better response for multiple shoot regeneration than B5 and WPM media (Fig. 1) . MS was found to be more effective than other for Apiaceae members (Suchitra et al. 1999 , Sakia et al. 2001 , Shashikala et al. 2005 . In WPM and B5 media smaller number of vitrified shoots were produced. The inoculated explants (shoot tips and nodal explants) were found to be swollen and they produced three to four shoots within three-four weeks (Fig. 2a,  b) on MS containing BAP alone but best microshoot formation was observed (24.2) from nodal explant (Fig. 2c ) and shoot tip explants (18.8) in MS with 0.5 mg/l BAP + 0.1 mg/l IAA (Table 1) . Repeated subculturing of the microshoots in the same medium resulted profuse shoot stimulation and elongation (Fig. 2d) . Combination of BAP with NAA or BAP alone was not found suitable than BAP with IAA for shoot induction (Table 1) . Deshpande et al. (1998) reported that dormant axillary buds of nodal explants collected from a mature tree of Ficus religiosa sprouted on MS supplemented with 5.0 mg/l BAP and 0.2 mg/l IBA within four days and multiple shoots were obtained when these explants were Results are mean ± SE of three experiments with 15 replications. transferred to MS containing 1.5 mg/l BAP and 1.5 mg/l ADS. These multiple shoots were allowed to elongate to 4 -5 cm by maintaining them on MS containing 2.0 mg/l BAP with 0.5 mg/l NAA and 0.3% activated charcoal. A similar phenomenon was observed in different medicinal plants by other researchers (Gawde and Paratkar 2004 , Rahman et al. 2004 , Munshi et al. 2004 , Rahman et al. 2006 , Baskaran and Jayabalan 2005 , Sinha et al. 2005 , Husain and Anis 2006 , Han et al. 2007 , Usha et al. 2007 , Hassan 2008 .
A little more than 80 per cent regenerated shoots rooted (Fig. 2e ) when cultured individually on root induction medium consisting of half-strength MS with 2.0 mg/l IBA + 0.1 mg/l NAA ( Table 2) . Use of auxins singly or in combination for rooting was also reported by different authors (Sahoo and Chand 1998 , Ajithkumar and Seeni 1998 , Sivakumar and Krishnamurthy 2000 , Rai 2002 , Hassan and Roy 2004 , Sinha et al. 2005 , Rahman et al. 2006 , Baksha et al. 2007 . After four weeks the rooted shoots were transferred to pots. None of the plantlets survived when they were directly transferred from rooting medium to the pot under natural conditions. About 85 per cent of the transplanted plants of Ficus religiosa survived if the plants in the rooting culture tubes were kept in normal room temperature for seven days before transplantation in pots and reared for three weeks. The plantlets were reared under semi-controlled temperature (30 ± 2ºC) and light (2000 lux) in a chamber with 80 per cent humidity. During this period of acclimation shoots elongated, leaves expanded and turned deep green and healthier (Fig 2f, g ).
After three weeks, plants were transferred to an open place, 85 -90 per cent plants survived. The technique described here appears to be readily adoptable for large scale clonal propagation and plantation for sustainable use in the industry. Moreover, by standardizing the protocols for clonal propagation of selected elite plants, it is possible to achieve a tenfold increase in the products per unit area of cultivation . Clonally propagated plants would also have identical phytochemical profiles (Roja and Heble 1993) . Likewise it could be possible to propagate important medicinal plants for cultivation and sustainable use and consequently to conserve them from their extinction.
